The objective of this study was to explore the effect of the level of inbreeding on the milk production (MP) and the breeding values (BV) of milk production. Data included cows calved in years 1990-2005 at farms in the Czech Republic. Inbred cows were grouped according to F x coefficient (F x =1.25 %, F x =2.0-3.125 %, F x =4.0-12.5 % and F x =total). MP and BV of inbred cows were compared with their outbred equals -half-sisters, sharing the same sire (n=2,063), dam reached the same breeding value (±5 %) and their first calving happened in the same farm and at the same time (±2 months). The PROC GLM of SAS ® with fixed effects (age at first calving, year of calving, number of lactations, first calving interval and relative breeding value of the sire and dam) was applied to all data. In the examined groups of F x coefficient milk production of inbred cows at the first lactation decreased of −103.02, −236. 
Introduction
Observing of the inbreeding depression of quantitative traits is very important for animal breeding. Inbreeding has been studied as a specific question in small populations (KALLWEIT and BAULAIN, 2001; WOKAC, 2003; KHAN et al., 2007) and a general problem of breeding work (FREYER et al., 2005; PIRCHNER, 2004) . In cattle breeding a depressive influence of inbreeding was examined e.g. in reproduction (BEZDÍČEK et al., 2007; CASSELL et al., 2003; CASSELL et al., 1998) , exterior (BEZDÍČEK et al., 2005; SUTHERLAND and LUSH, 1962) and other quantitative traits. THOMPSON et al. (2000a THOMPSON et al. ( , 2000b evaluated the impact of inbreeding in Holstein and Jersey breed. Inbred cows with F x >10 % showed increasing in the age at first calving of 25 days in Jerseys and 26 days in Holsteins. Inbreeding is considered one of the most important factors affecting the genetic structure and performance of breeding population (BIEDERMANN et al., 2003; 2004) . The inbreeding depression is hence closely related to health and economics of cattle breeding. Selection of specimens for further breeding cannot be based on phenotype manifestation of the traits, which is identified by a milk yield control. The selection is made according to a hereditary disposition, which is defined by a breeding value. In this study we focused on observing of inbreeding depression of milk yield of cows and it means both the absolute reached milk yield during the 1 st lactation (kg of milk, % of fat and % of protein) and estimated breeding values of these traits. Several authors have already examined the inbreeding depression in milk yield of cows or the content of milk components. ALLAIRE and HENDERSON (1965) found a milk yield depression of −12.6 kg for each per cent of inbreeding coefficient. This research was carried on in Holstein cattle in the USA. Also GAALAAS et al. (1962) examined an influence of inbreeding on milk production at the first to the fourth lactation. They found the following regression for lactations I -IV: −47.8 kg, −19.0 kg, −8.2 kg and −11.9 kg of milk. An average inbreeding depression was −21.8 kg. Also THOMSON and FREEMAN (1967) examined an inbreeding effect on milk production. They evaluated all animals born between the years 1930 and 1964 in Iowa State University herd in the USA. The regression was −23.0 ± 11 kg of milk. Nowadays, MIGLIOR (1992; 1995a; 1995b) intensively studies the influence of inbreeding on production traits of cattle. In a group of 150,000 Jersey cows the author calculated a regression coefficient for milk production on the level of −9.84 kg of milk (MIGLIOR, 1992) . When the F x coefficient raised over 12.5 % the inbreeding depression was even more noticeable. In the same year MIGLIOR (1995b) evaluated the level of inbreeding in Holstein cattle. The author based his calculations on kinship and milk yield of cows in the 1 st lactation in the Canadian population involving more than 92,000 Holstein cows. The calculated depression was −25 kg of milk for each 1 % rise of the inbreeding coefficient. The author also founds a positive correlation of increasing inbreeding and the content of fat and protein. For F x =5.0 % he states an increase of fat percentage of 0.025 % and for F x = 12.5 % the fat percentage increased of 0.0625 %. HERMAS et al. (1987) observed an inbreeding depression in two herds in the USA and calculated an increase of fat percentage of +0.002 % when the F x coefficient raised by 1 %. The effect of inbreeding on milk production in Irish Holstein-Friesian dairy cows study PARLAND et al. (2007) . 12.5 % inbred cows had milk production reduced by 61.8 kg. The 12.5 % inbred animal was also expected to have a 2 % greater incidence of dystocia and a 1 % greater incidence of stillbirth. Similar conclusions were studied also by CASANOVA et al. (1992) , who studied an influence of inbreeding in Braunvieh breed in Switzerland. The authors found an increase of milk protein percentage of 0.001 % / 1 % F x . KROGMEIER et al. (1997) calculated a depression of milk yield for 1 % increase of F x at the 1 st , 2 nd and 3 rd lactations between −10.14 and −11.01 kg of milk. Also carried on a vast research in the field of inbreeding. An average inbreeding depression for 1 % rise of the value of inbreeding coefficient was −26.65 kg of milk in the 1 st lactation. The lifelong production showed depression of −177.17 kg of milk. Impact of no additive genetic effects in the estimation of breeding values for fertility and correlated traits studied WALL et al. (2005) . Inbreeding had a significant and unfavourable effect on all traits. The difference between a no inbred animal and an animal with an inbreeding coefficient of 10 % was a 2.8-d increase in calving interval, a 1.7-d increase in days to first insemination, a 1 % increased probability to return to estrus at first service, 0.03 more inseminations, a 0.27-unit decrease in body condition, and a 0.54-kg decrease in milk on test nearest d 110.
Materials and methods
The inbreeding depression of milk yield of Holstein cows was determined by evaluating of the 1 st standardized lactation in the following traits: kg of milk, % of fat and % of protein. The inbreeding depression of milk yield was also observed from the point of view of the breeding values of the following traits: relative breeding value for protein in kg (RBV), breeding value for milk in kg (BVMkg), breeding value for fat percentage and breeding value for protein percentage. The breeding values were evaluated for all the finished lactations. For the proper comparison each inbred cow (the range of F x coefficient 1.125-12.5 %) was assigned to at least one outbred equal (2,063 equals in sum). Inbred cows with their outbred equals were matched on characteristics such as (1) identical sire, (2) first calving interval occurs in the same farm, (3) first calving happened in the same year and period (± 2 months) and (4) dam reached the same breeding value (±5 %). Inbred cows and their matched outbred equals were subsequently divided according to the inbreeding coefficient of inbred cows into three groups (F x = 1.25 %, F x = 2.0-3.125 %, F x = 4.0-12.5 %). The level of inbreeding -inbreeding coefficient F x , was calculated as follows (WRIGHT, 1922) :
where: Σ = sum over all path through to common ancestor, n = the number of generations from the sire to the common ancestor, n' = the number of generations from the dam to the common ancestor, F a = the inbreeding coefficient of the common ancestor Data were analysed using PROC GLM of SAS ® . The effects of inbreeding and other factors were estimated from the model as follows:
where: Y ijklmno = corrected value, μ = mean value, ≤1995; 1996-1998; 1999-2000; 2001≥) , CL l = number of lactations (≤1.5; 1.6-2.5; 2.6-3.5; 3.6≥), CI m = first calving interval/ days/ (≤400; 401≥; only 1 st lactation), BVS n = relative breeding value of the sire for milk production in kg (≤94; 95-108; 109≥), BVM o = relative breeding value of the dam for milk production in kg (≤94; 95-108; 109≥), e ijklmno = residual error. Calculations were processed for inbred cows and outbred equals separately. A following comparison of average values between outbred and inbred groups of the same F x level has been made. In this work, data included cows calved in years 1990-2005 at farms in the Czech Republic. Processing of breeding values data and monitoring of milk traits was finished toward January 2008. Calculations were performed on 253,286 Holstein cows.
Results and discussion Differences in milk production according to used effects at group of inbreed and outbreed cows is mentioned in Table 1 and 2. Table 1 shows milk production traits in the form of breeding values (RBV, BVMkg, BV for fat percentage, BV for protein percentage), Table 2 shows the reached absolute values at the 1 st lactation (kg of milk, % of fat, % of protein). The milk production traits of inbred animals (breeding value for milk in kg and kg of milk in the 1 st lactation) show an apparent decrease in the observed values. They are the lower the higher the F x coefficient is. This decrease is statistically significant mainly in the absolute production in kg of milk at the 1 st lactation ( .70 kg). The observed effects showed highly significant (p≤0.01) differences mainly in RBV of a sire and RBV of a dam. Table 1 and 2 clearly show that raising the level of parents (their RBV) caused a raising production both in inbred and outbred cows. E.g. when the RBV values of the sire were the lowest, the inbred cows reached an average production at the 1 st lactation 5878.79 kg of milk., −118.55 BV of milk and 95.42 RBV for protein in kg. On the other hand also daughters of the sires with the highest breeding value reached evidentially higher yields: 6567.09 kg of milk; +314.39 BV kg of milk and 110.72 RBV for protein in kg (Table 1 and 2). We can see the same tendency in the breeding values of a dam. Also the year of calving of the cows was an effect with a highly significant difference (p≤0.01). Table 1 and 2 clearly show the raise of milk production in particular years both in inbred and non-inbred cows. Differences in milk production of inbred and outbred cows are mentioned in Table 3 and 4. Table 4 shows the reached absolute values of milk yield at the 1 st standardized lactation (kg of milk, % of fat, % of protein) and their comparison within the groups of inbred and outbred cows. Table 3 follows these traits in the form of breeding values (RBV for protein in kg, BVMkg, BV for fat percentage and BV for protein percentage). The charts show clearly that the outbred cows show a decrease in milk production when compared to the inbred cows and this decrease is both in the absolute yield at the 1 st lactation (Table 4) and also when the lactation is represented by breeding values (Table 3 ). The higher the F x coefficient the more significant the differences are. The inbred cows hence showed, compared to their outbred equals, decrease in milk yield at the 1 st lactation of −103.02 kg (F x = 1.25 %); −236.8 kg (F x = 2.0-3.125 %); −472.24 kg (F x = 4.0-12.5 %) and -247.65 kg (F x = total).The milk production in form of breeding values (BV for milk in kg, RBV for protein in kg) also showed lower values in inbred cows compared to their outbred equals. These differences were the higher the higher the F x coefficient was and for BVMkg the differences were −36.57 kg (F x = 1.25 %); −43.55 kg (F x = 2.0-3.125 %); −92.23 kg (F x = 4.0-12.5 %) and −50.81 kg (F x =total) - Table 3 . Similar tendencies occurred also for RBV for protein in kg. On the other hand the inbred animals show a clear increase in content of milk components that in some cases reaches significant (p≤0.05) or highly significant (p≤0.01) values. The reached differences in inbred and outbred cows for each level of F x coefficient are as follows: BV % of fat +0.0068 (F x = 1.25 %); +0.0394 (F x =2.0-3.125 %); +0.0152 (F x =4.0-12.5 %) and +0.0251 (F x =total). There was the same tendency for breeding values for protein percentage +0.0015 (F x =1.25 %); +0.0216 (F x =2.0-3.125 %); −0.0035 (F x =4.0-12.5 %) and +0.0134 (F x =total). The increase of percentage of the milk components content (fat and protein) was also observed in form of absolute values at the 1 st lactation (Table 4) . Depressive influence of inbreeding on the milk production is clearly visible in the Figure 1 , where the decrease of milk yield and breeding values for kg of milk of inbred animals at the 1 st lactation is clearly shown. Tables 3 and 4 present a higher variability (s x value) in inbred animals when compared to their outbred equals. This we can see in all the inbred groups and all the observed traits (Table 3 and 4) . The mentioned differences correspond to the subsequently calculated values of correlation and regression coefficients. There was assessed a very low correlations between F x and differences in milk production (in kg) inbred and outbred cows −0.0866 and also in fat per cent +0.0456 and protein per cent +0.0255. The regression coefficient of milk production was b yx = −59.75 kg (where x = coefficient F x in %, mean value mean value y = difference in milk production between inbred and outbred cows in kg). In fat and protein per cent were regression coefficients b yx = +0.0112 % and +0.0030 % (where x = coefficient F x in %, y = difference in fat or protein content between inbred and outbred cows in %). Depressive influence of inbreeding on milk yield of cows (in kg) and increase in percentage of fat and protein was proven by other authors in their works, too. Similaridentical level of inbreeding depression of milk yield is found by . These authors reported an average inbreeding depression for 1 % increase of inbreeding coefficient -26.65 kg of milk. PARLAND et al. (2007) HERMAS et al. (1987) observed an inbreeding depression in two herds in the USA and calculated an increase of fat percentage of +0.002 % when the F x coefficient raised by 1 %. In conclusion the inbred cows show a statistically significant decrease of milk production in dependence on the value of F x coefficient when compared to their outbred equals. The depression is visible not only when observing an absolute production at the 1 st lactation but also when observing estimated breeding values. The present study also observed a non-evidential increase of fat and protein percentage in milk in inbred animals.
